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Introduction 
In Europe heavy goods vehicles are effectively 100% 
diesel engined. lhis coupled to the si&icant per- 
centage of diesel powered passenger cars and light 
duty commercial vehicles results in Europe having 
the highest penetration of diesel engined vehicles 
worldwide (Fig 1). Despite the increasingly stringent 
emission l i t s  and customer performance demands, 
technological advances by the diesel engine manu- 
facturers are enabling them to keep up with such 
rapid change. Thus the position of the diesel engine 
appears secure in Europe, provided consistently high 
quality road diesel fuel is maintained. 

The European refiner is facing a steady increase in 
demand for road diesel together with a decline in 
heatindoff road gas oil volumes (Fig 2 )  due to com- 
petition from gas and other forms of energy. 'Ihis is 
putting pressure on refmers to include greater pro- 
portions of cracked gas oils in the road diesel pool 
withthe potential forstability problems- amajor aria 
of shortcoming for conversion distillate streams. 
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This paper reviews the results of systematic winter 
surveys of road diesel fuel + Europe carried out from 
1986-89 in which oxidative and thermal stability 
were evaluated along with other key parameters of 
diesel fuel quality. 

Diesel Fuel Specifications 
In Europe unleaded gasoline is unique in having a 
common specification from country to country. The 
national diesel fuel specfications detailed in Appen- 
dix 1 follow no set pattern with the exception of low 
temperahue propenies. These are consistent with 
the demands of geography. This lack of common- 
ality of quality is a major concern to trans European 
operators of diesel vehicles. Likewise only the UK 
contains any stabiity standard and that a somewhat 
relaxed 2.5 mg/100 ml maximum in the ASTM 
D2274. 

From the 1986-89 Ethyl diesel fuel m e y s  Wefs 1-3 
and Appendix 2) consideration will only be given to 
the following primary diesel fuel propertics 

1) Density 5 )  Sulphur Content 

2) Cetane Number 

3) Cetane Index 

4) V l O S i I y  8) OxidativeStability 

6) Aromatics Content 

7) Olefm Content 

9) ThermalStability 



Of these cetane number, oxidative stability and ther- 
mal stability can be improved by use of a suitable 
multifunctional diesel fuel additive package. 'The 
other primary features are purely influenced by re- 
fmery processing. 

e Density 
The density of a diesel fuel affects the mass of fuel 
entering the combustion chamber and thus impacts 
on engine power, fuel economy and emissions. 

The average density across Europe is essentially 
unchanged over the 3 years (Table 1). Even when 
individual countries are considered there is Little 
annual variation. Austria is the only exception where 
density has risen steadily with time (Fig 3). This is 
coupled to a 17'C increase in the 50% distillation 
point and a smaller increase in end-point indicating 
a change in demand balance (Appendjx 2). 
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Table 1 

Density @ 1SC (p/cm3) ASIU D4052 

Cetane Number, ASTM D613 

Cetane Jndex, ASTM D976 

Vhcosity @ 20'C. AsTM D445 
Sulphur, % weight, ASTM D4294 

Aromatics. % vol ASTh4 D1319 

Olefins, % vol ASIU D1319 

Oxid. Stabiity, rnp/100 ml. ASTM D2274 

Pad Test, Rating 
+only 10 results. 

1986-87 

0.8380 

51.3 

51.2 

4.36 

0.24 

29.2 

0.6 

1.3 

12, 

1 Winter Survey 
dues 

1987-88 

0.8388 

51 

50.4 

4.22 

0.27 

32.1 

1.6 

1 .o 
7.5 

1988-89 

0.8368 

52.5 

51.3 

3.99 

0.24 

26.9 

3.8 

0.6 

5 
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Cetane Number 
Cetane Number is a measure of fuel ignition delay. 
This we consider to be the time between start of fuel 
injection and the rapid rise in pressure in the pre- 
chamber. Many other definitions are sometimes 
used (Ref 4 j. 

Cetane number defmes the ease of auto-ignition of 
the fuel. Whilst this is generally a reflection of the 
inherent stability of the molecules in a fuel, ignition 
improvers are often included to enhance perfor- 
mance. 

Despite all the predictions of declining cetane quality 
due to increasing demand the overall picture in Eu- 
rope is the reverse (Table 1). This is due to the 
inboduction of premium quality diesel fuels contain- 
ing multifunctional additives which can include 
cetane improver. This is most dramatically Seen in 
West Germany (Fig 4) where premium diesel fuel 
wasintroducedin 1987 inresponsetoOEMdemands 
for higher quality fuels to reduce environmental 
emissions. As we discuss the other parameters the 
impact of this quality enhancement of diesel fuels 
will be further evidenced. 

~~ 
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Cetane Index 
This is an attempt to empirically predict a fuels 
ignition quality based on its density and boiling 
range. As this shows reasonable agreement with a 
fuels natural cetane it is arguably a better indicator 
of the European cetane pool than cetane number. And 
indeed this is unchanged across the 3 year period. 
However in Spain (Fig 5 )  both demand and refinery 
conversion is increasing whilst crude slate has re- 
sulted in lower natural indices and numbers. Thus 
cetane index has fallen steadily despite cetane num- 
ber remaining high due to legislation of a 50 cetane 
Number minimum but a 45 Cetane Index minimum 
thereby allowing refiners greater flexibility. 

Viscosity 
Viosity variations have similar effects to those 
described for density. Additionally at low viscosities, 
below about 3 cSt @ 20'C. pumping leakage is 
increased with hot re-starts becoming Micult under 
hot ambient conditions, reduced power output and 
pump lubrication becoming critical. The combina- 
tion of wide viscosity band variations with wide 
density variations exacerbates emission levels and 
vehicle performance. 
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There is some evidence (Table 1) for a general light- 
ening of diesel fuel in Europe as a consequence of 
lower Cloud points. We do not see wide viscosity 
variations in Europe (Fig 6) and it is important to note 
this parameter is not a constraint since it is controlled 
indirectly by other diesel fuel properties such as 
Cloud Point, Density and Distillation range. 

Aromatics Content 
Aromatics, have been considered in certain studies 
to relate to deleterious emissions, particularly par- 
ticulates. Several studies (Ref 5 )  claim to show links 
between the aromatics content of a diesel fuel and 
exhaust partidate emissions. Consideration is being 

Sulphur Content 
Worldwide concerns about "acid-rain" have resulted 
in legislation designed to control acidic emissions, 
most notably oxides of sulphur. Additionally the 
need for low sulphur fuel for satisfactory operation 
of low emissions oxidation catalyst equipped diesel 
vehicles is supporting this drive. The Californian 
standard of 0.05% max weight is the level that OEM's 
are. requiring. In Europe the typical limit of 0.30% 
weight has moved down to 0.20% weight in the more 
environmentally sensitive countries. A good example 
of this is to conhast the sulphur contents in Italy and 
West Germany (Fig 7). This is placing increasing 
pressure on available refinery hydrotreating capacity 
and penalising higher sulphur crudes. 
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given within the European Economic ComUnity to 
follow the US example and limit the aromatics level 
of road diesel. Also being investigated is the best 
method for measuring the aromatics as the F.I.A. 
Method (ASTM D13 19) often gives poor separation 
with heavier boiling European fuels (85% @ 350'c 
min is the common European limit). Whilst Table I 
would suggest there might be some overall decrease. 
in aromatics levels in Europe it varies sigruficantly 
country to country. n u s  the high degree of conver- 
sion stream usage and heavier crude 
processingJigher distillation range is reflected in the 
high aromatics levels in Italy versus those of Norway 
(Fig 8), particularly pre-1988-89. 
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Olefin Content 
Olefin levels in diesel are generally low however in 
terms of fuel stability they are regularly cited (Ref 6) 
as significant. It is thus interesting to note that every 
year from 1986 to 1989 the overall olefin level has 
doubled in Euro+ although the total percentage 
remains very small. Again this reflects the increasing 
use of conversion streams and level of hydrotreat- 
ment. 

Oxidation Stability 
Ethyl Diesel Fuel Survey 
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Oxidation Stability 
Oxidation stability is widely considered to be an 
important parameter in determining the long term 
storage stab- of a fuel. It is typically evaluated 
using the ASTM D2274 test developed by the US 
Navy. The limit for satisfactory field performance is 
usually taken as 1.5 mg/100 ml of insolubles. Figure 
9 shows that the percentage of fuels with deposit 
levels above 1.5 mgf100 ml has fallen to negligible 

Oxidative %biI/ty (ASTM D 2274) 
lnsdubles (mgl00 mO) 
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Oxidation Stability v Thermal Stability 
Ethyl Diesel Fuel Survey 1988/89 
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Thermal Stability levels. This is thought to be due to the increasing use 
of multifunctional additive packages offering sta- 
bility enhancement. An example of their effect is 
shown in Fig 10. This may also help explain the lack 

Thermal stabiity whilst important in determining a 
fuels long term storage stability has also been linked 

measured by some form of rapid thermal shock test 
followed by fdtration and assessment of the filter 

) 
(I 

I 

of an obvious relationship between thermal and oxi- to nozzle coking tendency (Ref 7). It is usually 
I dative stability (Fig 11). 

j 
Thermal Stability 
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deposits. ,Using the Ethyl Pad Rocedure; 
where a rating of 20 is a black filter, 0 is 
clean and 7 is the maximum for good field 
performance we have observed results 
from 2 to 20 in OUT surveys. Previous 
work has suggested possible correlation 
with nozzle coking tendency, (Ref 8). 
surveys. 

Just as for oxidation stability the percent- 
age of samples with ratings above 7 has 
declined steadily from 1986-89 (Fig 12). 
This is also surprising when viewed 
against the background of increasing 
olefin levels. Again the use of multifunc- 
tional additive packages is improving 
fuel s t a b i i .  This also tallies with the 
poor agreement between olefm content 
and Pad Rating (Fig 13). 

1085 1, 



18- 

17 

16 

15 

14 

13 

12 

Fig. 13 

Olefin Content Y Thermal Stability 
Ethyl Diesel Fuel Survey 1988/89 
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Conclusions 

The data reported in this paper indicate: 

Diesel fuel quality remains high in Europe due in part to the increasing use of multifunctional diesel 
fuel additive packages 

As a result of these marketing factors cetane number is increasing. 

Sulphur levels are declining throughout Europe. 

Olefin levels are increasing. 

Oxidative and thermal stability are improving o v e d  in Europe primarily due to the use of multifunc- 
tional diesel fuel additive packages. 
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